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.■•.v- COMBINATION TBtfeRAPY 

Th& pieseot isrv^tion relates to a inei]^ 
and/or vascular permeflhttity redujcing effect in a waqjq-blooded animal sncli a& a hmaaiia 
5 paitk:uIar]^ ani9thod£3rtheiTeafm^ 

tutnonr, wbidl COnqmses the adjsiiiiistration of ZD6474 in comhmation vfiSx ionising radiation; 
and- to Uie use of in the Tnannfacture of a m&dk:smeat for use in tbe production of an 

antiaogiogenic and/or vascular petn&abiiijty reducing e£Bsct in a wamt-blooded animal sucli aa a 
human which is bdng treated with ionising radiation. 

1 0 Normal anglogeneslB plays an in^rtant role in a variety of processes including 

ettihryonic devdopm^5nt> woimd healing and aeveral components of female reproductive 
function- Undesirable or pattiolDgical angiogmesis haa "been associated with disease states 
including diabetic retinopathy, psoriasis, cancer, rheunidtoid arthritis, atlzsiomaf Kaposfs 
sarcoima and baemangioma (Fan et al, 1995, Trends PharraacoL Sci 16: 57-66; Fblkman, 1995, 

IB Nature Medicine 1: 27-31). Alteration of vascular pemednfity is th^ 

Qoncual and pathological p]byaiobgical procefises (CnUinan-Bove et al, 1993, Endocrinology 133: 
829-837; Senger et al, 1993, Cancer and Metastadls Reviews, 12: 303-324). Sev^al 
polypeptides with in vttro endoCh^l cell growth pxcmotiog activity have been identified 
inchidingj acidic and basic fihroldast growth factors (aPGF & hPGF) and vascular eaidotbelial 

20 growth fector (VBGF). By virtue of the restricted esprsssion of its recepi:or5» the gxov/thfactor 
activity of VBGF, in contrast to that of the FGHPs, is relatively specific towards endothelial ceDs. 
. Recent evidencse indicates that VEQF is an important stitoalator of both normal and pathological 
angdogOTesis..Crakeman et al, 1993, BndocriDDlogy, 133: 848-859; Kolch et al, 1995, Breast- 
Cancer Research and Treatment, 36: 139-155) and vascular permeability (Connolly et al, 1989, J. 

25 BioL CisncL 264: 20017-20024). Antagonism of YBGF action by sequestration of VEGF with 
antibody can result in inhibition of tuimur growth (Kim et al, 1993, Nacure 362: S41-S44). 

Reoerptor tyrosine kinases (RTKs) are in?)ortant in the transmlaBion of bbchemical 
signals across the plasma membrane of cells. These transmgnihrane molecules characteristically 
consist of an extracellular Hgand-binding dotnam connected flhrough a segment in the plasma 

30 memhrsne to an intracellular tyrosine kinase domain- Binding of ligand to the receptor results in 
stinXLUatlon of the receptor-associated tyrosine Idnase activity which leads to phosphorylation of 
tyrosioe residues on both ^ rec^tor and other intracellular molecules. Tiiese chaoses in . 
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■^.:y^^A=■ ■^r^9i^.■ - .tyrodne txtosjplaMylation initiate a signaffii^g casoad© teaaing to. a variety WcdiolarrespoM 
To date, at least ninBteai dUdnia RTKsub&inillM, dej^^ 

■ . have teen idCTtified. Onaof fllBfle BflbftadHsstopresendyconipxised 

kinase tecqjtor , flie kiaase insett dottiain-coii^^ 
6 FIk-1), andaiwtiiCTinis-liketyiosiiiBkmaserB^ Two of thsfle related RTKa, Pit- 1 

and KDR, have heea shown to bind YBQF with high afifinity (De Viies et al, 1992, Sdeiica 255: 
989-991; Tennan et al, 1992, Biotdum Biophys. Res. Comtd. 1992. 187: 1579-1586). Binding . 
Of VBGBP to these leceptois expressed In hetMologoiis ceJlfi lias been associated wifh changes in 
• lite tyrosine phosphorylatioii status of ceJlular proteins 
10 VBGP is a key stimulus for vascnlogenesis and aagiogcmMis, Tbis cytokine induces a 

Yascular .sprouting phenotype by inducing endothelial cell proUferatjon, protease esptesatoa 
and migration, and subaeqiient orgemisaitioa of cells to fonn a c^illary tube (Keck, P.J., 
. Haufier, S.D., Erivi, G., Sanzo, K, Watren, T., Feder, J., and Connolly, D.T., Scteace 
(Washington DQ. 246: 1309-1312. 1989; LamDreairs, WJ.. Fits^gerald, M.R, Reiner, A.. 
15 Hasty, KA.. and Charles, S.T.. MoiovaBC. Res., 55: 29-42, 1998; Peppw, M.S.. Montesano, 
R, Mandroita, S.J., Orci, L, and Vassfilli, I.D., Eazymp Protein. 49: 138-162, 1996.). In 
aJdition, VBGF induces significant vascular penneaKKty (ESvoiak, H.F., Detaiar, M., CMfey, 
K.P., Nagy.T.A, van de Water, L., and SeaigeT,D.R,(lnL Arck Allergy Iin^ . 
235. 1995; Bates, D.O.. Heald, R.I., Cuixy. F.B. ead Wmtm, B. J. PhysioL (Lond.), 533i 
. f 20 263-272, 2001),;proinoting forraation of a ]OTei>perroeabb, :iim 

.is characteristic of patbiologioal angiogsiBsis. . " 
'■*••. • i . ft been shown that activation of KDR. alone=is suffieient to protiate all of ths major 

.1 E»h^otypic lesponsea to VBC2F, indudiig endotbelial cell proliferation, migration, and survival,' • 

and the inductfon of vascular permeability (Meyer, JVL, Oauss, M., Lepple-Wienbues, A., 
25 Waltenberger, J., Augustin. H.G., ZSche, M., Lanz, G., Biittner, M,. Rziha, H-J., aud Dehio' 
C.. BMBO'J., 18; 363-374, 1999; Zen^. H., Sanyal, S. and Mukhopadhyay, D., J. Biol. Caiem!. 
276: 32714-32719. 2001; Gffle. H., Kowalsld, J.. U, B.. LeCoutei, J., Moflfet, B. Zioncibedc. 
T J., Penetier. N. and Feirara, R, J. BsoL ChemL, 275: 3222-3230, 2001). 
The use of iDniaing radiation and a VEC5F antibody in a wnaibBr of ^ 
30 models has been described (Gordd et al, 1999, Cancer Res. 59, 3374-3378), 
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"Theuseofibiiisingiadtotionaiidaso^ 
.. ionishigzadialumaDdaKDRblld^^ 

described (Geng al, 2001, Caniw Rbs, 61, 2413-2419). 

Q pm «y o lfniE> deadvattves \yiiioh are mhihitorB of VBGP recq)tor tyiosiDe fcfaasa atfe 
5 described in Itttenrntion^ 

01^2651. In WO 98/13354 and WO 01/32651 compoimds are des^^ 
. flgaitiBt VE(S7McqrtortyTosinftlldna^ 

^sine kinase. He cocqpound of ths present inyendom ZD6474, fells within the hroad general 
disctosure of WD 9&/13354 tod is exec^pliasd in WO 01/3265 1 . 
; J, , 10 la WO 01/3265 1 it is stated that con55omias of that invention: 

^6 WKed as a sole iherapy Or nmy involvet in addition to a 
- on^orinoreothfii' substances and/or treaii^ Such coigomt ir^abnent nay be achieved by 
. way of the airaultaneous, sequential or separate adnmistcatiOT of &e individual coaponents ot 
the treatmsnt" 

1 5 WO 01/3265 1 then goes on. to describe exan^les of suoh conjoint treatment including surgery, 
. radiotherapy and various types of chMmthfitrapeutic age Nowhere in WO 01^32651 does it 
. state timt use ofanyconcqjound of the invention therein with ot^ 
; Suiprisfaigly beneficial efffects. 

Uneoqpectedly and surprisingly we have now found that thus particular confound 
20 ZD6474 used in combination with a particular selection of the combination therapies Med in 
WO 01/32^ 1, namely with ionising radiation, produces significantly better effects than any 
.J. one ofZ]C>6474 and ionising radiation used atone. 

■t :: / ^ ;: : . . According to one aspect of the present inveaxtion ZD6474 used in combiaatioii with 

ionisiag radiation produces significantly bettej anti-cancer effect s than any one of ZD6474 and 
25 ioidsing radiation used alone. 

According to one aspect of the present invention 2D6474 used m coiBbinadon with 
• ionising radiation produces significantly better effects against a solid tumour than any one of 
ZD6474 and ionising radiation used atone. 

Anti-can^2er effects of a method of treatnaent of the present invention include, 'im. ate 
30 not limited to, anti-turaour effectSi the response rate, the time to disease progtession. and the 
survival rate- Anti- tumour eflfects of a method of tieatmcnt of the preseait invmtton include, 
bu± are not limited to ^ inhibition of tumour growthg tunooux growth delay, regression of 
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turnoiir, dsrinkage of tumptcr, iii<TOased ttefi. to regrowth of tumour on c^ssfltlon of tjeatmsnt,.-. 
slowing of disease progrefiSiDiL It isejqpwtedthat whenainefhod of treatm^ 
mvention is adnoinisteed to a wftrm-blooded animal suah as a iwrn^ii, in need of treatment for 
cancer, wiih or wiliiDut a eoM timoouf , 
5 meamxredl^y.forexaa^jb, oneornxwofitheexteniof 1^ 
. :rate, £hetm» to disease progression and the sur^^ 

Aco^rding to the present invention there is provided a method for the production of an 
.. antiai\giogenic and/or vascndar pMrieaM% reducing effect in a warm-blooded snimal siicha3 a 

human, wldchcompiiBes administedng to said axuimalan^&ctive amount of 4-(4-taroxxx)-2- 
1 0 fluoroanflino)-6-inethDxy-7-(l-iiiBdQ^^ abo knov^i aS 

ZD6474: 



CH4 



15 ZD6474 

or a pharraaceuticaDy acceptable salt therM^ before, afuar or simultaneoufily with an effective 

amount of ionising radiation. 

According to a fimher aspect of the present inyention fheie ia provided a method for 

the treatment of a cancer in a wam>blooded animal such aa ahumatx* which comprbes 
20 adoritdsteiiog tosaidaninidanefiB&ctiveamDTO 

sah: th^edf, before, after or simultaQeonsly vrith an effective amorait of ioniaiug radiation.' 
According to a farther aspect of the present inve[^^ 

the treatment of a cancer involving a solid tumour In a v^ami-blooded animal aucih as ahnman, 

which coirpriseB adxninifitedng to saM animal an efiBsclive amount of ZDe474 or a 
25 phannacentically acceptable salt thereof, before, after or flimiiltafiemTftTy an gflftctivp 

amprunt of iordsim radiation. 
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Acocrding to a fturther aspect of flie prefieat invi^on there is provided the use of 
ZD(S474 or a phflroKceutically ac«ptal3lfi salt thereof in themaijDfeoture of an^can^ for 
use in the production of an andangiogenic and/or vascular pmnBahiTii^ reducing efiEect iaa 
wamir'blcodBd aomal such as a hsaxm wUdh is bskig treated with ionising jtadiation. 
5 According to a ftirlfaer a^Ot of the present invmtion thsre is pmipiHftri thft ncA rif 

ZD6474 or a phaxmaceutically acceptable salt tbexeof in fbe tnanufactuxe of a medicaimtt for 
use m £he production of an antt-canc« ^fect ia a wBxm-bkx)ded animal such as a "htTrntm which 
35 bdng treated with ionising radiation. 

According to a fiuther aspect of the preset^ inv^tiocaChBre is provide 
10 ZD6474 or a pharmaceuiically acceptable salt thereof in the manufacture of axnedicansnt for 
use in th^ production of an anti-tuniour e£fect in a warmrhlooded BTimiflT such as a hunmn 
which is being treated with ionising relation. 

A wann-blooded animal such as a human which is being treated with ionising xadtLation 
means a wanorblooded animal such as a human which is treated with ionising radiation before, 
1 5 after or at the same time as the adminlstr atiott of a medicammt comprising ZD6474, For 
example said ionising radiation may be given to said warm-blooded aimtjal svich as a human 
within tlie period of a week before to a week ailer the administration of a medicameat 
conaprifiiitig ZD6474. AcconJing to one aspect of the preseso^ invention ZD6474 is 
. administered to a warm-blooded animal after the «Tiimai lias been treated with iotiising 
20 radiauon. • 

As stated above the comhinatioq treatmisnts of the present invention as defined herein 
are of inferest for their antiangiogenic and/or vascular pcmssabUity effects. Such comWnation 
treatments of the invraition are expeccsd to be useftJ in the prophylaxis and treatment of a wide 
range of disease states where inappropriate angiogenesis occurs including cancer and Kaposi's 

25 sarcoma. Canc^ may affect any tissue and includes leukaemia, rtxulti^le myeloma and ' 
lyEqphomjB, ]n particular such combhiatton treatments of the hxv^ntion arc expected to slow 
advantageously die growth of primary and recunrait solid tumours of, for esaaple, the colon, 
. breast, prostate, hmgs and skin. More especially conOsination treatments of the present 
invitation are expected to slow advantageously the growth of tumours in lung cancer, 

30 pardcularlynon-smallcenimjg cancer (J4S^ More particularly such combination 

treatments of the invention are ejqpected to inhibit any form of cancer associated with VEGF 
including leukaemia, inulilpls myeloma and lymphoma aisd ^o, for exanq>I&» to inhibit thfe 
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• • » ■' • • . growtii of diose prnnary fiivJ reciMTCinl solid tomaurs wldch are associated with VEGF, 

efipecially ihoae tumoirrfl which are eignificantly depandent cm VJ3GF for their growQi and 
spread, inclodmg ibr exan^le, ceitaia tiunoofs of the colon^ breast, prostate^ hn^, yixtva and 

S In aaotfaer aspect of the preseot invCTtbn ZD6474 and wvnfdg g tadiadon are expected 

to mhibit the growth of those primary aiid recurred fiolid tompurs which are associated whh 
EGF especially those tumours which am fflgnificrnitty depends on BGP for dieir growth and 
sisead. 

In another o^ect of tlie preseat invention ZD6474 and ionising radiation axe es^dcted 
10 to hdnbit fhe growth of those primary tunniirs which are associated with 

both VBGF and BGF especially those tixmotirs wbkh are signifij^anlly dependent on. VBGF and 
BCSP ftjr then growth rad spread 

According to another aspect of the present invention the efJbct of a method of 
treaunent of the preseat inveaitbn is ejqjected to he at least equivatent to the addition of the 
1 5 effects of each of the con^yonents of said treatment used alone> that is, of each of ZD6474 and 
ionising radiation, nsed alone. 

According to another aspect of the present inv^sntion the efibct of a method of 
treatment of ihe present invention is e^cted to be greater than the addition of the effects of 
each of the conqjonents of said treatinsrit iised alonej that is, of each of ZD6474 and ionising- 
20 raj^ationi used alone. 

Accorffing to another aspect of the present invention the ^ct of a method of 
:• treatment of the present invention is expected to bs a synergistic effect. 
. . . . It should also be appreciated that according fo the present inveution a coinbinatioii 

treatment Is defined as aflEbrding a synergistic effect if the effect is therapeutically superiori as 
25 measured by, for eTeatnple, the cTctent of the response, the response rate, the time to disease 
progressloh or the survival period^ to ihat achievable on dosing one or odier of the 
con^onents of the condbanation trearnient at its conventional dose. For ^Tssanpl&r the effect of 
• the connbiiaation treatment is synergistic if the effect is therapeuticaHy superior to the effect 
aclwsvable with ZD6474 or ionising radiation alone. Furth&r, the effect of th^ combination 
30 treatment is synergistic if a beneficial efSfect is obtained in a group of patients that does not 
respond (or respojvis poorly) to 2D6474 or ionising radiation alone. In addition, the ef5ect of 
the combioation treatment is defined as affording a synergistic effect if one of tfaye componOTts 
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is do 8ed at its conventional dose and tbe oiiier congxraent is dosed at a reduced dose and the 
therqpsuiic effect, • as neasurcd by, for example, the esctent of the tespons e. the response rate, 
the time to disease progreBsion or the survival period, is equtvalaoit to that achiBvablB on 
dosing convmtiDnd™imta of die compoi^ Ih pardcnlar, 

5 synergy is deemed to be present if the conventi^ 

be reduced ivithout detrtaaeat to one or more of the extent of the response, tih© response rate, 
the time to disease progression and swvival data, in particular without detrimsnt to ihe 
duration of the response, "but with fewer and/or less troublesome side-eJEects than those that 
occur wSuen conventional doses of each component are Tised. 

"1 0 A coxribination method of treatnKant of the pressnt Juveution as defined herein may be 

achieved by way of the simultaneous, sequential or separate administration of the individual 
components of said treatment A ccaaihiaatiDn treatiD^ 

sole therapy or may involve surgery, in addition to a cotnbination method of treatment of the 
inyentioru Surgery may comprise die step of partial or coinplete tumour resection, prior to, 

1 5 during or aftc«: the administration of the comlriliation tceatpamt with ZD6474 described herein. 

The coin)OfiitionB described herein imy be u]i a form suitable for oral administration, for 
examplB as a tabfet or capsule, for nasal administtation or administration by inhalation, for 
example as a powder or solution, for parenteral injection (inpluding intravenous, subcutaneous, 
intramuscular, intravascular or infusion) for exarnple as a sterile solution, Suspension or 

20 emulsion, for topical admipistration for exarnple as an nfatmftni- nr nrflnm^ inr tft^t^l 

administration for exan:](>Ie as a suppository or the route of administration may be by direct 
injection into the tumour or by regional dfelivery or by local delivery. In other esnbodiroents of 
. the present invention the 'ZD6474 of the combination treatment may be delivered 
aidoscopioally, infratracheally, intralesionally, percutaneously, intravenously, subcutaneously, 

25 intraperitoneaUy or intratumourally. Ingeneral the coii?}ositions described l^ointnay be 
prepared in a coa\ientional mamer using coAvkitional excipients. The coiaqKisitionB of the 
present invention are advantageously presented in unit dosage form 

ZD6474 will noroially be admiaistered to a warm-blooded animal at a unit dose within 
the range 10-50Qnig per square metre body area of the animal, for exaffl^b approximately 03- 

30 15mg/kg ma human- Aunit dose in tho range, for exaa^ple, 03- ISlte/feg. pre 

O.S-Smg/kg is envisaged and this is normally a therapeiutically-efifective dose. A unit dosage 
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ii^gredient Ptefetabfy a dafly dose m the range of0.5-5«?g/kg is employed. 

In particuliar aribodimeaas <rf the presait inyiaatipn die ionisinff radKatjoa «Mp1ftyetl rtny 
X-radiatbn, Y>tadiaiion <» ^rodiatic^ 
5 Tt» dosages of tonMiig tadiatjon will be Qmss known fiw use in cliaioal ladioflier^y. 

Has jfldiatipn tber^ used will molade for exanyb the uae af y-rayw, X-i^, imH/hr ♦y 
directed ddivBiy of radiation flomiadioiaotopes. O&bt fbnns of DNA damaging ikctora aws 
also included in fie piBssnt invsamon such as mirajowaves and XTV-lifadtiatiDiL It is most lilwly 
that an of these factors efifert a teoad range of danaatge on DNA, on the precursors of DNA, on 
10 the iqilfcation emd repair ofDNA and on fibiBflMembty and Hor 
exsanple X-rays may be dosed in daily doaea of 1. 8-2.0Gy, 5 days a week for 5-6 weeks. 
Nonnally a total fractionaied dose will He in the range 45-<50Gy. Single laiga: doses, for 
exan?)le5-10Qym^b6adtaMsteradaspariof acourse'ofradioiiiBi^y. Single doses may be 
admbaistered intraoperativBly. Hyperfiactionated radiothec^na^ be nsed whereby smaD 
1 5 doses of X-rays are adtmniBtered regularly ovar a period of thne, for ejsan^lc O.lGy per hour 
over a number of days. Dosage ranges for radioisotopes vary widely, and depaid on a» half- 
Mfs of the isotope, the strength and type of radiation emitted, and on the uptake by cells. 

As stated abovB the siae of tfie dose of each therapy which is required for tb& 
therapeutic or prophykctictreatmem of a partkailsr disease istate will necessarily 
20 depending on the'iiost trca£Bd,:tIip route of adntinistration and the severity of the iUness being 
tteated. Accoidii^y the optimum dosage may be detamined by the practttionap who is 
treating any particular patient. For e»tmple, it may h& necessary or desirable to reduce the 

. • ^^^n^tioned doses of the components" of the coitdai^ 
toxicity. • • 

25 pras^inraitionrektes to combinations of ioiiisingradiati^ 

Wifli a salt of ZD6474. 

S^^^ fi^'^ inphannaceiulcal compo^tiona willbe pSiarmaceuticany ac 
hut other ssJts may be useM in the production of ZD6474 and its pharmaceutically acceptaWe 
saks. Such salts naay be formed with an inorganic or organic base whidiaflfcirds a 
30 pharraaceuticafly acceptable cation. Such salts with inorganic or Organic bases inchide for 
exanq>l^ an alkaH metal salt, such as a sodium or potassium salt, to attalin^ 
such as a; cafciinn or mi^eshim sah, an anMnoaiuto sak or jfbr kan^ 
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mefhylammfi* dimethylaiain^ trimBthylantin©, piperidipe, moipholine or cris-(2- 
hydros^tlLyl)aiiiine. 

ZD6474 may be made, fyr exan?)le> acooidtog to a^y of the following processes 
niastraied by exan^IeB (a) -^c) in which, ixole^ otherwise stated:- 
5 <i) gy^rations were canfed out by rotary evaporation in vacuo md wnrlf-np 

^.procedures were carried out afiter lego^val of leslduiii fioMs such as drying agents by filtration; 

(iO operatzons were carried out at ambiegat tengjerature, fliat is in Has range 1S-2S°C and 
under au atDODSjiiere of an inert gas giich as argon; 

(in) coliima chromatography (by the flash procedure) and medium, pressure liquid 
1 0 chromatography (MPLC) were performed on Merck KJeselgel silica (Art 9385) or Merck 
Lidiroprep RP-18 (Art. 9303) reversed-phase silica obtained from E, Merck. Darmstadt, 
Germany; 

(iv) yields are given for illustration only and are not necessarily the mflYitrintTi attainable; 

(v) malting polms are uncorrected and were determnu^ using a Mettler SPfiZ automatic 
1 5 melting point apparatus, an oil-bath apparatas or a KoflSer hot plate ^paratus. 

(vi) the structures ofthe end-products of the foninila I were confirn^ 

(generally proton) magnetic resonance (>JMR) and mass spectral techniques; proton magnetic - 
resonance cheaooical shift values were measured on the delta scale and peafc multiplioities are 
shown as follows: s, singlet; d, douHet; t, triplet; m, raaltiplet; br^ broad; q, quartet; NMR 
20 spectra were nm on a 4O0MHzniachine at 24*'C. 

(vii) intermediates were not generally fully characterised and purity was assessed by thin 
. layer chromatography (TLC), high-peribnroioe liquid chromatography (HPLC), infia-red (ES.) 

or NMR analysis; 

(viii) the fbDowiog abbreviatton^ have beeu used:- 

25 

DMF MJ^-duuBfliylftmiiamide 
DMSO dimpthylsulphoxide 
TEDP tetrahydrofiiran 
TFA trifluoroacetic acid 
30 NMP l-mefliyl-2-pyErolidittotia 
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^SQ^^a) ■ : • ■ ' ■ ■ ■ : 

A fiolutkm of 37% aqueous jfomMldehyde (SO/il, 0.6iiimoO followed by Bodhan 
cyanoborolgrdride (23iz]g, aa&nxjD]) added to a solutioii of 4-(4-'Krfwnn-7-fhiftfti i>niKnn) - 
6-metito3gr-7-(pip^dia-4-y]med]oxy)qBiii^ 
5 IHP/a]ediasDl<1.43il/1.4n]9. Aftw sdtxzDg for 1 hoia at anMool teix^sau^ 

added and tbevolatiies were rennved under vacuum. The reaidaevrastrituTBtedwidi water, 
filteredt washed wlfli water, and drfedraidervMU^ The solid was Irorifiod by 
c^toamatography on neutral atmsma etotme witihtiiBthylQie cldoride followed tnediylene 
chloride/efljgi acetate (1/1) folbwed by mpthylraiB rfiloridB/ethyl acetate/taethanol (SO/45/5). 
1 0 The fractidiis containiiig flie cjcpected prodtict were evaporated xmder vacrojm. The resulting 
wMie solid was diaaolved in mathylene chlo^ide^3Bthanol (3nil/3inl) and 3N hydrogeai chloride 
in ether C0.5nil) was added. The volfltiles were remj vt; d imdex vactnun. The solid was 
triturated with ether, filtered, washed with ether and dried imder vacuum to giv6 4-(4-broirKi- 
2-fluoroaiiilmo)-$-n»thoxy-7-<l-imth;^piperidi^^ hydrochloride 
1$ (12Qmg, 69%). 

MS - BSI: 475-477 pMHT • : 

The r^MR qjectrum of the protonated form of 4-(4-bronB-2-fliw 
7-(l-»3ethy^iperidiii-4-ylix^aioxy)qu&^ hydrochloride shows the presence of 2 fonm A 
V find B in a ratio A:B of approximately 9: 1.- 

20 ^H^ttvlR Spectrum: (3^^ 1.55-L7(lii, fdnnA2H) ; 1.85-2.0 (m, fbonB 

4H) : 2.03 (d, form A 2H) ; 2.08-2. 14 (hf s. fbtei A IB) r2.31-2.38 (br s, formB IH) ; 2.79 
. (s, form A 3H) ; 2.82 (s, foimB 3.03 (t, fbra A 2H) j 3.2d. (fc^f 3, foimB 2H) ; 330*(bi 
s, formB 2B) ; 3.52 (de form A2H) ; 4.02 (s, 3H) ; 4.12 (d, form A 2H3 ; 4.30 (d» foimB 2H) 
; 7.41 (b, 1H) ; 7.5-7,fiS (m, 2H) ; 7.81 (d, IH) ; S.20.(s, IH) ; 8.88 (a, IH) 
26 Blerosiital aralyBiK Pound C 46.0 H 5.2 N 9.6 

Q23HmN4O5J3i^P0.3H2O2.65HCI Requires C 45.8 H 4.8" N 9.7% 
The starting matexkl was prepared as follows: 

A solution of 7-haazyIo^{y-4-cTilorp-6-m&thoxyqiiiii^ hydrochloride (8. 35g« 
27.8ttliDol), (prepared, for exfln5>l&, as described in WO 97/22596, Exaii?)l© 1), and 4-lroinD- 
30 2.fIuoroanilliie (5.6Sgi 29.7OTnDl) in 2-propanol (200ml) was heated at reflux for 4 hows. The 
resultbig precqjitate was collected by ffltratioii, washed wifli 2-propanDl and thea ether and 
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drfed niKier vacuum to givB 74)enzyloxy-4-<4-lOT 
hydrochforid&.(9.4€fe, 78%). 

'H NMR Speocrum: (DMSOd,; CDjCOOD) 4.0(8. 3H); 5.37(8, 2H); 7.35-7.5(in, 4H); 7.52- 
7.©(in, 4H); 7.8<d, IH); 8.14(98, U^; 8.79(8, IH) * 
5 MS-BSI:456PV!H]* 

Eleimital analysis: Found C 54.0 H 3.7 N 8.7 

C^nNsOsBrF 0.9£k:!1 Requires C 54.2 H 3.7 N 8.6% 

A solution of 7-liaKyloxy-4-(4-broino-2-fluoroaiiilmo)-6-metii03Q?quii^^ 
bg^drochlDride (9.4g, 19. Immol) in TFA (90iii]) was heated at reflqx for 50 mlnatBs, The 

10 ffiixturewasaltowedto coqland^aspoiiredontoice. The resulting prec^te -was coIl«;ted 
by filtration, and dissolved in methflnol (TOttil). Ths solution was adjusted to pH9- 10 witib 
concemated aqueous ammcaoia solutioa Ttenoixtufewas toncenttated to half initial Yolun» 
by evaporation. The resuMng precipitate was collected by filtraiion, washed with water «id 
then, ether, and dried tender vgcuum to give 4-(4-bronK)-2-fIuorowiilinoH-liycltO»y-6- 

15 niBtbosyqxjiiazoline (5.6(Sg, 82%). 

'H NMR Spectrum; (DMSOd<s: CD3COOD) 3.95(8, 3H); 7.09(s, IB); 7.48(b. IH): 7.54(t, 
IH); X64(d, IH); 7.79(b, IH); 8.31(s, IH) 
MS - ESI: 366 [MH]* 

Elemental analysis.'- Pbund • •■ C 49.5 H 3.1 N 11.3 

20 GijHuNaOajBrF Requires- C 49.5 • H 3;0 N H.5% •' 

"White maiataining the tenrperature in the range 0-5*C, a solution of jJi-^ert-butyl 
dicarbonate (41 .Jg, Q, IPmol) in ethyl acetate (75nil) ■^as added ill poitions to a solutioQ of • 
... . •. ..^i^yl *-P.^P«^dinecarbo3Q?kte (3^^^ After 

stirring for 48 hours at ambient temperature, the mixture was poured onto water (300ml). The 
25 organic layer was separated, washed successively with water (200n3l), 0. IN aqueous 

T^drochlorio acid (20Qml),' saturated eodium hydrogen carbonate (20Qiii^) fmd brine (200ml). 
dried QdgSOi) and evaporated to grre ethyl 4-(l-(tert.butoxyoarbony5pip«ridfai&)catboxyla{» 
(48g.98%). 

»H NMR Spectrum: (CDCSa) 1.25(t, 3H); 1.45(s, 9H); 1.55-1.70(in,2H); l.B-2.0(d, 2H); 2.35- 
30 2.5(in, IH); 2.7-2.95(t, 2H): 3.9-4. 1(br s, 2H); 4, 15 (q, 2H) 

A sohition of IM lifhiumatomininmhydi'M© in THF (133inl, 0. 133mo?) was added in 
portions to a Bohirion of ethyl 4-(l.(Jert-butoxycarbonyl>p3peridjn6)oarboxy]ate (48g, 0.19ii]dI) 
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mdryTHPClSampcooledatO*^. AftCTSt^^ 

followed by 2NsodimnlQfdi03ddB^^ 71ij9predpitat&wasrem>\edbyQb^ 
diatomaceous earth aaoii washed with ethyl acetate. Tb^ filtrate was washed wilfa water, fanne, 
dried (MgS04) and evirated to give l-<fer^--fautDxycarbony])-4-hydi:os9zne(h 

MS CEI): 215 [M.]+ - " . 

*H MMR Spectrum (CDCI3) l.QS.1.2<xn, 2H); 1.35-1.55(iii, lOH); l-6-l,8(ni. 2H); 2.6-2.8(t» 
2H); 3.4-3.6(t, 2H); 4.a4.2(hr s, 2H) 

l,4-Diazabicyclo[2.2,2Joctaiie C42.4g, 0.378nK>X) was added to a sohition of l-<rert- 

(525idI)» After stirring for IS mmutes at amhiOTt teiBperature, the mixnire waft cooled to S^'C 
aM a Solution of toluene sufphouyl chloride (62. 8g, 0.33inmol) in ^e/T-butyl methyl ether 
(52SinI) was added in portions ov^sr 2 hours while maintaining the tCTapsrature at 0*C, After 
stirring for 1 hour at ambient tenipcrature, petroleum ether (H) was added. The precipitate 
IS wasiemovedbyfiltradon. Hje fiteate was evaporated to give a solid. The soKd was dissolved 
in ethK' and washed successively with O.SN aqueous hydrochloric acid (2xS0Qml), water, 
saturated sodium hydrogen carbonate and hrine, dried (MgS04) md evaporated to give l-Ctert- 
butoxycarbonyr)'4-'(4-n3etJrjrlphiKttylBulp (76.7g, B5%>. 

: MS (BSI): 392 [MNa]* 
20 NMR Spectrum "(CDCI3) 1.0-1.2(m, 2H); L4S(b, 9H)i lV6S(,dt 2H); 1.75-1.9(m, 2H); 
, 2.45(a, 3H); 2.55-2.75(23, 2H); 3.85(d, IH): 4.0-4.2(br s, 2H); 7:35(d, 2H>; 7.8(d, IK) 
...1/ . .1 . *: . 'Po^ssium carbonate (414irg,.3mmol)w 

, fluoroairilino)^^^ 1.5rn£DoI) in DMF (SiriO. After 

. ... sdcring for 10 minutes ai ambient ten^^ature, l-(/fi//-butoxycarbonyI)-4-(4- 
25 methylphenylsulphonyloxymethyl)piperidnie (^^ 

was heated at 95°C for 2 hours. After cooliug,'the mixture was poured onto cooled water 
(2Qml). The precipitate was collected by fBtration, washed with water^ and dried under 
vacmum to give 4-(4-bromo -2-j0uoroaailino>7-( l-(«/'^lnltoxycarbonyl)p^^ 
yta»tho3cy)-6-mBthoxyqiiinazo]^^ (665mgf 799fc). 
30 MS - BSI: 561-563 [MHr - 
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NMR Spectxam: pMSOds) 1.15-1.3 (m, 2H). 1.46 (s, 9H), 1.8 (d. 2Hj, 2.0-2.1 (m, IH), 
2.6S-2.9 (tn, 2H), 3.95 (s, 3U)» 402 (hr s, 2H). 4.0S (d, ZH), 7.2 (s» IH). 7.48 (d, IH), 7.55 (t, 
IH). 7:63 (d, IH). 7.8 (8, IH). 8.35 (s,lH), 9.55 (bars, IH) " 

TFA i3uS) was added to a sospeduion of 4-(4-l3ioin>2-{luoroai]i]ino)-7-(l<(f^- 

5 bat03syCBrboi^)piperidin-4-y 

chlonda (IQiriE). After stirfing for I hour at ambient tragjeratute, the voTaffles were renioved 
under VBOuraa Tb6teflid«ewastntaiatedwi£hainixtui»ofwatM/et^^ The oiganic layer 
was Sqjacated. Ite aqueous by«r ^ras washed again wida ether. Hie aqueous layer -was 
aiSyusted to pHlO with 2N aqui^us sodium hydroxide. The aqueous layer was extracted wish. 

1 0 methylens chtoiide. Ths oiganic layer was dried CMgS04) and the solvent was removed under 
vacuum Tb& solid was triturated with a mixture ether/petroleum ethar (1/1), ffltflsred, washed 
with ether and dried udder vacuum to give 4-(4-hroroio-2-fluoioaEdau»)-6-ffiethOxy-7- 
(pipCTidin-4-yIoiethoxy)quinaasoliaB (SdOtaog, 70.5%). 
MS - ESI: 461-463 [MEq* 

15 NMR Spectrum: pMSOd«) 1.13-1.3 (m. 2H), 1.75 (d. 2H). 1.87-2.0 (m. IH). 2.5 (d, 2H), 
3.0 (d, 2H)..3.96 (s, 3H), 3.98 (d, 2H), 7.2 (s, IH), 7.5 (dd, IH), 7-55 (t. IH). 7.68 (dd, IH), 
7.80 (s, IH), 8.36 (s, IH), 9.55 (br s, IH) 

ElftDosntal analysis! Pbuod ; C 54.5- H 4.9 N 12.1 

CiiHjaNiOzBrF : 'Requires C 54.7 H 4.8 N 12.1% 

20 Bacsssife). 

37% Aqueous fbnnaldehyde (3.5inl, 42xxmol) was added to a solution of 4-C4-broinD- 
• 2-fhao^oaniliI!o)-7-(l-(.'^er^b^^ 

. • (3.49g, 6.22itKnDl), (prepared as described for the starting rtiAt^al in process (a) above), in 

formic acid (35ml). Aftet heating at PS^C for 4 hours Lbe volaciles were removed under 

25 vacuum. The residue was suspended in water and the mixture was adjusted to pHlO.5 by slow 

addition of a soludoii of 2N, sodium hydroxide. Th& suspension was extracted with ethyl 

acetate. The organic layer was washed with brine, dried MgS04 and evaporated to give 4-(4- 

bromo-2-£hioroaiiilino)-6-methoxy-7-Cl-n»thy%)q»ridta'4-y 
88%). 

30 MS -BSL 475-477 Dvnrr 
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*H NMR Spectrunt (DMSOdc) 1.3-1.45 (m, 2H), 1.8 (d. 2H), 1.7-L9 (m. IH). 1.95 (t, 210, 



2.2 (s, 3H). 2.85 (d, 2H), 3.96 (s, 3H), 4.05 (d, 2B), 7.19 (s, IH), 7.5 (d, IB). 7.55 (t, IH), 
7.«7 (4, IH), 7.81 (s, 1H).'8.37 (s, IH), 9.54 (s, IH) " 



FrocMs fe^ . . .. 

A suspCTsian of 4-cMoro-6-mBiapxy-7-<l-metly^ 
(20Qiqg, 0.62iiimDl) and 4-lTOiDO-2-£inoroaniliiie (142ing, 0.74nimo0 ia Isopropaiiol (Sinl) 
comainiiig fiN ioktrogeti cWoride in. isopiopanol (1 10/il, 0.68im0 was heated at reflux for 1.5 

10 hours. After coo1tog,flteprecq>iiat»w«ficoflBcted by flltiu 

followed by edjer and dried under vacuum to give 4-(4-broina-2-fluoroanilino)-6-niet]ioxy-7- 
(l-narthylp^eridinr4-yhnethDxy)quinaioMe hydrochloride (30^ 
EleDaentsd analysis: ' Found C 47.9 H 4.9 N 10.0 

C2aH14N4O2BrFO.5HaOl.8HCl Requires C 48.2 H 5.0 N 10.1% 

15 0.08 isopropanol 

The NMR spectnnn of the pratonated form of 4<4-bron»-2-flnoroaniIfaiD)-6-iiiethoxy- 

7-Cl-inBlhylp^peiidinr4-yhnBfhDxy)quiria2toline l^^djcchloridB Bhows tte preBence.of two fonm 

A and B ia a jratio A:B of approximately 9:1. • 

NMR Spectrom: (DMSOda) 1.6-1.78 ]Cm, form A 2H); 1.8M.93 (hr s, foim:B 4H); 1.94- 
20 2.07 (d, fonnA 2iH); 2.08-2.23 (br s» form A li^; 2.29-2.37 (Bir s, formB IH); 2.73 (4 farm 

A 3H); 2.77 (d, fomiB 3H); 2.93-3. 10 (q, form A 2H)-. 3.21 (hr s. form B 2H); 3.27 (hr b, " 
. form B 2H); 3.42-3.48 (d. form A 2H); 4:04 (b, 3B);V4. IQ, (d. fojim A 2K);.4.29 (d, form B "' 

2Hl; 7.49 (s, IH) ; 7.53-7.(51 (m, 2H): 7.78 (d, IH); 8.47 <s, IH); 8.81 (s, lil); 10.48 (br s, 

form A IH)} 10.79 Cbr s, fotmE IH); 11.90 (br s. IH) 
25 For another NMR reading, 8oto& eoM potassium carbonate was added into £hs DMSO 

" rolutiDuofthe4<4-lTOiiB-2-fluoToanilino>-6-mBthD25?-7-(l-i^ ' 

y]mBthoxy)quinazolnie tydrocMoride desa-ibed above, in order to release the fiee base in the 

NMR tube. The NMR qjectrum was thfistl recorded again and showed onb' one form as 
described balow: 

30 ^HNMR Spectrum: (DMSOdsi solid potassirai carbonate) 1.3-1.45 (m, 2H) ; 1.75 (d, 2H) ; 
1.7-1.9(m, IH) ; 1.89 (t. 2H) ; 2.18 (b. 3H) ;2.8 (d, 2H) ; 3.98 (fi, 3H) ; .4.0 (d, 2H) : 7.2 (s, 
IH) ; 7.48 (d, IH) ; 7,55 (t. IH) ; 7.68 (d, IH) ; 7.8 (s, IH) ; 8-35 (S. IH) ; 9.75 (s, IH) 



E)fi»)0atal aoBlysis: 
5 CziEuNdOaBrF 



Pound C 55.4 H 5.1 N 11.6 
Requitea Q 55.6 H 5.1 N n.8% 
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A saDajde of 4-(4-l3rotn)>2-£hioroanffliK5 
ylii»fhDxy)qumairalinB(fl:eebase)wM 4-(4-broino-2-fluoiOamK^ 

TDs&pxy4'(Uws&iylpipm^^ hydrocUoiWe, (prepared as describBd 
aboveX BS fbnows: ' . " 

5 4-(4-Bromo-2-fliioioaiiflino)-6-iiiei^ 

l^drochloride (SQnig) was suspmded m n»fl^ylfiiie chloride (2inl) and was washed with 
saturated sodium hydrogen carbonate. The msthyle«j cUorid& sototion was dried (MgSO^) 
and ttie volatiles were lemoved by evapoxaticm to give 4-(4-l:^oiiio-2-fliioroattDittC))-6- 
inBtiK>xy-7-(l-n»tfiylpiperidm-4-ylii^ (free base). The NMR of the fiee base 

1 0 so generated shows only one fonn as described below: 

^tt NMR Spectrum (DMSOde) 1.3-L45.(ni, 2H) i 1.76 (d» 2H) 1 1.7-1.9(m, IH) ; 1.9 (t, 2H) ; 
2.19 (fi, 3H) ; 2.8 (d, 2H) ; 3.9S (s, 3H) ; 4.02 (d, 2H) ; 7.2 (s, IH) ; 7.48 <d, IH) ; 7.55 (t, IH) 
; 7.68 (dd, IH) ; 7.8 (s, IH) ; 8.38 (s, IH) ; 9.55(br b, IH) 

For another NMR reading, some CFsCOOD was added iato the NIVIR DMSO sohitlon 

IS of the 4-(4-bronio-2-fluoroaoilmo)-6-niethoxy-7-(l-^ 

(free base) described above and the NMR spectnun was recorded again. The Bpectrum of the 
protonated form of the 4-(44»'orno-2-fInGroaniHno)-6-methDxy.7-(l^ 

ytaie£haxy)quinazoBne trifluoroacetate salt so obtaimd shows the presence of two fbltos A and 
; . , . B ia a'ratio AiB of appfoxmatdy'grl. / . , - 

P 'R NMS, Spectruiid: (DMSOd(s; Ct^COOD) L5-1.7-(m, ftinn A 2H5; 1.93 (br a, form B 4H) j " 
2.0-2» 1 (d, form A 2H)-, 2, 17 (hr s, form A- lH);-235 (hr s-, form B IH); 2.71 (s. form A 3H); 
. >73(s,foimB3H); 2.97-3.09(1, fonn A^2H);^ 
. J-57."f ^7.^^; fonn A 2H); 4.02 (b,.3B);* 4:15 (d, fqrrti A2H); 4.30 (d. foimB 2H); 7.2 (s, IH); 
7,3-7.5 (m, 2H); 7.6 (d, IH); 7.9 (s, IH); .8.7 (s, IHJ^ 
25 The starting material was prepared as Jfollows; 

r--(^erNBntoxycarbonyl)-4<4-inethylphenyl5ulph^ 
O-UmDl), (prepared as described for die starting material in process (a) above), was added to a 
suspensbn of ethyl 4-faydro3Q^-3-metho)Eybeazoate C19.6gi O.lmol) and potassimn carbonate 
(28g, 0.2mol) m dry DMF (20QmI). After stirring at 95°C for 2.5 honr s, the mixture was 
30 cooled to anabicnt ten^ierature and partitioned betweeu water and ethyl acetate/ether! The 
organic layer was washed with water, briae, dried (MgS04) and evapof^. The lesultic^g oil 
was crystallised from petroleum eth^ and the suspension was stored overnight at S'^C. The 
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solid was collected by jBtoationiy washed with petroleim ether and dried >inr>pr 'vrm^^^ ^ 
etl5l4-(l-(ter^^Juto3qfcarix»a^^ 89%). 

mp. 81-83^C ■ 

MSdBSD;416[MNar 

5 *HNMR Spectrum: (CDCI3) l-2-L35(ni, 2H); 1.4(1, 3H); L48(s, 9H); 1.8-L9(d. 2H); 2.0- 
2. lS(m. 2H); 2.7S(t. 2H); 3.9(d, 2H); 3,95(s, 3H); 4,0S.4^5(far s, 2H); 435(q, 2H); 6.85(d, 
IH); 7.55(s, IH); 7.65(d, IH) 

Blemsxital analysis: Found C 63.4 H 8 0 N 3.5 

q^iHjiNOd O.3H2O Requires C 63.2 H 8.0 N 3.5% 

10 Formaldehyde (12M, 37% in water, 35tnl, 420rmrol) was added to a solution of etO^rl 

4-(l-(/e/f-buto3qrcarbonyOpq^idm-4-ylQ^ (35g, 89DQmol) ia 

. ibradc acid (SSnil). After, sdiiing at 95*6' for 3 hours, title to 
evaporation. The residue was dissolved in meflaylfitte 

ether (40inl, llOnroDol) was added. After dilution with ethesr, the mixturo was triturated until a 

1 S solid was formed. The solid was coltected by filtrati6n, washed with ether and dried under 
vacmim overnight at SO^C to give ethyl 3-hflB&lho39r-4<l-i5pthylp^aid3n-^ 
ylCQed2axy)beD2oate (30.6g, quant.). 
MS (BSl)r 308 [MH]+ v . 

NMR Spectrum: (DMSOd^) 1.29(t, 3H); L5-L7(m, 2H); 1.95(d. 2H); 2.0-2. 15(br s, IH); 

20 2.72(s, 3H); 2.9-3. l<ni, 2lr>j 3.35-3;5Cbi: s- 2H)i 3.85'(s;3H); 3.9-4;05(fer s. 2H): 4.3Cq, 2H); ' - 
. , - 7.1(d, lH);7-48(s.lH3;7,6(d,lH) .... 

A sofatJon of ethyl 3-n3s£h6ky-4-(l-iiisthylpip (30". 6g, 

89mcaDl) in msthyleae oWoride (75TnI) wafi cooled to 0-5**C, TFA (37.5ml) wa5 added 
fblbwed by the dropwise addition over 15 minutes of a solution of fuming 24N nitric acid" 

25 (lAlxxAf 178mniol) in meehylenc chloride (15ml). After coit^jletion of the addition, the 

solution was alb wed to warm up aod stirred at ambient temperature for 2 hours. The volatiles 
were removed under vacuum apd the residue was dissolved in methykne chloride (SOml). The 
solution was cooled to 0-5*'C and ethea: was added. The precipitate was collected by filtration, 
and dried under vacunm at 50«C. The solid was dissolved in methyleqe chloride (SOOmI) and 

30 3MhydrogCTL chloride ia ether (SOrnO was added foDowed by He solid was 
collected by filtration and dried nndar vacuum at 50"G to give ethyl 3-liBtho;^-4-(l« 
niB%lpiperidm-4-ylmeito 



MS CB5I): 353 [ME]-" 

•h NMR Spactnim; pMSOde) 1.3(t, 3^; 1.4S-1.6S(«i, 2i^>; l,75-2.1(ni, 3H); 2.75(b. 3H); 
2.9-3.0S(tii, 2H); 3.4-3^(d, 2B); 3.95(8, 3H); 4.05(d, 2H); 4.3(q, 2^); 7.32(b» IB); 7.66(8, 
IH) ■ 

5 A fiuspcuBbn of ethyl 3-nistl»xy-4^I-iiiEthy]pipisridm-4-ylm 

(3.89g, lOmmoI) ia mBthanol (SOoiD containing 10% platiaum on activated carbon (50% wet) 
089iDg) was hydrogenated at 1.8 atmospheres pfedsnie until uptake of hoTkogen ceased. The 
nrixtvue was iHtered and Che filtrate was evaporated The residue was dissolved in water 
(3Qml) and adjusted to pHlO with a satmated solution of sodium lijrdrogea carbonate. The 
1 0 mixtuie was drhited with ethyl acetate/ether (1/1) and the organic layer was separated. The 
aqueous layer was fur&er estracted with ethyl acetate/ettier and tihe oiganio kyers were 
combined. The organic kyears were waahEdwiiii water, lirine, dried ^SOiO, filled 
evaporated. Tlie resulriqg solid was triturated ia a mcEture of etha/tetroleum etha, filtesred, 
washed withpetroteuni efliar and dried under vacuum at fiCC to gtve etbyl 6-armno-3- 
15 ine£hP7gr-4-(l-msthy1^piperidiu-4-yICD6thD^)benzoate(2.58g^ 80%). 
mp. lll-n2*C 
MS (ESI): 323 [MHT 

NMR Spectnaa (PDChd 1.35(t, 3H); 1.4-1.5(jn, 2H); I.85(in, 3H); 1.95(t. 2H); 2.29(s, 
• -aH); 2.9(d, 2H); 3.l8(s, 3H); 3,85Cd, 2H)j 4.3(4. 2H)V5.55(t>r-s, 6.13(8, lEE); 7.33(s, IK) 
.20 Blen^n^ aijalysis: ' • Fbmid • -. -Q <52.B... H 8.5 • iH 8.3 

Ci7H2<Na04 0.2HaO Requires C 62.6 H 8,2 N 8.6% 

. . . A solution of ethyl d-an±io-3-niethoky^4-(l-ifsediylpipsrii^ 

. ^S' SOamaoT) in 2-inetlioxyetaianol (160inl) contaming formamidine acetate (5.2g. SOmroV) 
■ was lieated at 1 15=0 for 2 hours. Riniiiainidine acetate (10.4g, lOOmmDl) was added in 
25 portions every 30 nmiutes over 4 hours. Heating was prolonged for 30 miiiules aftesr the last 
addition. After cooling, the volatiles were removed under vacuum. Tb^ solid was dissolved in 
ethanol (lOOml) and methylene chloride (SOud). Tte pisoipitate was reioivcd by filtration and 
the filtrate was concentrated to a final volume of lOOnil ttfi suspeauion waa cooted to 5*C 
tod the soUd was collected by fiitraiion, washed with cold eflianDl followed by ether and dried 
30 under vaciiam overnight at 60*^: to give 6-inethDxy-7-(l-iiiBthylpipetidin-4-ylmefhojcy)-3»4- 

dihydtoqninBzolin-4-one (12.7gi 70%). 
. _MS (BSD: 304 OVIHl* 



. ISIMR Spectrum (DMSOdg) 1.25-1.4(ni. 2H); 1.75(d, 3H); 1.9(t. IH); 1.9(fi, 3H); 2.16(«^ 
2H); 2.8(d. 2H); 3.9(8. 3H);4.0(d, 2H): 7.11(a, IH); 7.44(b. IH); 7.97(fi, IH) 

one {2.8g, 9.24nnno5 ii tihioi^yl chloride (28iiil) contdmog DMP (280^d) was heated at nsftrt 
5 at SS'C for 1 honr. After cooling, the volatiles wea» tiemoved by eygpotation. The jn^i j^ittik 
waa tiiturated with efliBr,filtOTa, washed with ei3^ Theaolidwaa 
dJflBolved in methylene chloride and saturated aqoeous sodium hydrogen cathonata was 
Hia organic layer was seated, waahed with water, brine, dried OMgSO*) and eTf^porated to 
giro 4<hlDro-6-iiJfiihoxy-7-(l-i]»thylp^peridin-4-yli» (2,9g, 98%). 

10 MS (ESI): 322 [MH]*- 

•H NMR Speotrom: (DMSOd^) 1.3-1.5Cni, 2H); 1.75-1.9(m, 3H); 2.0(1. IH); 2.25(s, 3H); 
2.85(d, 2H); 4.02(s, 3H); 4. 12(d, 2H); 7.41(8. IH); 7.4<S(8. IH): 8.9(s, IH) 

Altanatively, the 6-msfho>cjr-7-(l-ii»tiiy]^peridinr4-ylms^ 
dihydroquinazolhi-4-one can "be prepared as follows: 
1 5 Sodi^nn hydride (1.44g of a 60% fiuspen^on ininlneral oil* 3&nmol) was added ia 

portions over 20 mbutes to a solution of 7-b6iizyloxy-6-niethD;gf-3,4-dihydioquiBazolin-4-one 
(8.46g, aOramol), (prepared, for example, as described Jn WO 97/22596, Exaa^fle 1), ia DMF 
. (70m5andtiaeii3bttore was stibxedfoi 1.5 hours. Chbroinethyl phralate (5i65g. 37.5mm£i0 
. . was added m portions and the raixture stirred for 2 hours at' Tli& nibcinite' 
. • . 20 was darned wiOie^l acetate (lOOnil) and pouMd onto icte/water(^ 

acid (4mD. The orgadc layer was BepacaiM asd the aqieoiMlayar extras - 
. : . a9f at*..«?»?.?0mbined extracts ^ese^.ytasbs^ withbrinei-drisd CMgSQ4) and.the solvent 

. . ren»-ved by ev^oratioa The residue fsraa triturated.wiOi a mixture of ether and petroleum 
. ether, the solid was collected by filtration and dried under vacuum to give 7-berLEyloxy-6- 
25 niethoxy-3-((pivaloyloxy)m5thyl)-3,4-dihydroquinazolin-4-oiie(10g, 84%). 

'H NMR Spectrum- (DMSOds) LI l(s, 9H); 3.89(s, 3H); 5.3(s. 2H): 5.9(8» 2H); 7.27(s, iH); 
7.35(ni, IH); 7.47(t, 2H); 7.49(d, 2H); 7.51(b, 1H); 8.34(s, IH) 

A mixtnre of 74>en^Ioxy-6-methoxy-3-((piYaloyloxy)niBthy5-3,4-dihydroquina^ 
one (7g, 17.7innQol) and 10% palladimn.-on-charcoal catalyst <700mg) in efhyl acetate (250i»0, 
30 DMF (SOtd), medianol (SOml) and acetic acid (O.Ttnl) was etined imdef l^ydiograi at 

atmospJheric pressure for 40 minutes. The oatatyat was lanoved 1^ MratiDn and die Bolyeitt 
HMno ved from the filtrate by evapotatfon. The residue was trihrraied with ether, collected by 
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. filtration and dried under TOCuum to giro 
(UtQrdrQqviinazDlm-4-oiie (4.36g, 80%). 

^Hl^Spectnm" (DMSOdfi) M(s. 9H); 3.89(a, 3H); 5.89(8. 2H): 7.0(^ 1H);7.48C8. IH); 
8.5(8, 1H> 

5 TiiphraiylphoBpUiie (1.7g, 6.SmmoO added under sitxogeafo a suspssnsionof 7- 

hydrox3^^meflioxyw3<(pivaloyloxy)nieth^ (1.53g^ Smmol) in 

ttsthyksne cHtorids (ZOnil), followed by tbd addition of l-(tert-batoxycarboiiyI)-4- 
(hydn);qfimi3]y|)piperidine (1.29& fenmol). Cprepanid as described for the starting material in 
proems (a) above), and "by a solution of dietityl azodicarboxylate (1. 13g, e.Snmel) in 
1 0 msfliylene cMoride (5njl). After stircHig for 30 minutes at ambient temperature, the reaction 
ttristure was poured onto a colnmn of silica and was elated widi etl^rl acetate/petroleum Bthsr 
(1/1 foflowed by 6/5, 6/4 aod 7/3). Evaporation of the fractions contaiiiiog the expected 
pioditft led to an oil that ciystaHised feDowing trituration withpentane. The soHd was 
coBected by filtration and dried imder vacmiJn to give 7-(l-(tert-butoxycarbony5piperidiD-4- 
1 5 yImethDxy)-6-methoxy-3-((pivaloytoxy)mctliyl)-3,4-diLydroquina^ (232& 92%). 

' MS-ESI:526[MNar 
'H NMR Spectrum (CDCfe) 1.20 (s, 9H), 1.2-1.35 (m, 2H). 1.43 (s. 910, 1.S7 (d, 2H), 2.05- 
. ; 2.2 (m, IH). 2.75 (t, 2H), 3.96 (d. 2H), 3.97 (a. 3H). 4.1-4.25 s, 2H), 5.95 (b, 2S), 7.07 (s. 

• lH),7.63(s. 1H),S-.17(S, IH)^ 

. ElaxKDjal analysis: Found ■-■ • G'-fil-S'^ 'K "7;5- S.3 

CmH37Nj07 • Raqpiirss ■ - G 62-.0- 7.4 N 8.3% 

• '■•■* -isolation of 7-(l-(teif-biitdxyck't)bn3^^ • 

- C(piyaloybxy)rQe%i)-3,4.djhydroquiiia2o]in.4-one (2V32gv 4.6mmor) in methylene chloride • 
. • (23inl) contalijing TFA (Sail) was stirred at askbieiit temperatiire for 1 hour. '• The volatiles 
2B were retnoved under vacuum The residue was partitioned between ethyl acetate and sodium 
• hydrogen carbonate. The orgauie solvent was renioved under vacuum and the residue was 
filtered. The precipitate waa washed with water, and dried under vacuum, The solid was 
azeotroped with toluene and dried under vacuum to give 6-iwstiioxy-7-(pipsridBQ-4- 

ylo3et]wxy)-3-<(piv3ioylDxy)methyl)-3,4-dihydroqijinazo]^^ (1.7g, 92%). 
30 MS-BSI:404pWH]+ 



. 2.APR,2(}03 8:!)2 tiLUBAL IK fflltWlb' piv;.3hhi i. ft- 

*H NMR Spectnm (DMSOdfij C3^CO^ 

2.2S (III, IH), 2.95 (t. 2H), 3.35 (d, 2H). 3.9S (a, 4.1 (d. 2H), 5.95 (s, 2H), 7.23 IH), 

7.S4(a,lH),8,45(s,lH) . . ^ 

A 37% aqoeouB sotation of fbimaldehyde (501^1, fimmol) fbllowed by sodyiimL 
5 cyaiiofaoxohjrdnde C22g£agy S.^mmol) were added in portions to a mluttoa of 6-iD3tbojcy-7- 

- (p^firidin-4-ylinBtto3Q^)- (li21g, 3ininol) 
. inainSstoreof THFAiiediaiicl(lQ^ 

t^xf^torey fhe organip Botvents were removed imder vacoum and th& reddoe was partitioned 
• between methylene chloride and wato. The orgaruc layer was separated, washed with water 
1 0 end brine, dried CMgS04) and the volatilejs were removed by evaporation. The lesidue was . 
triturated with ether and the resulting solid was cxillected by 61tration> washed with ether and 

- tjried under vacuum to give 6-metlioxy-7-(l-tnethylpiperidm-4-ylxn3thDJ^^ 
' ((pivalDyb:Q0niet]^5rl)-3,4-dihydroquin^ (l-02g> 82%). 

. MS-BSr:41S[MHr 
15 NMR Spectnim (CDCfe) 1.19 (s, 9H); 1,4-1,55 (m, 1.9 (d, 2H), 2.0 (t, 2H), 1.85-2.1 
(m, 1H>, 2.3 (s, 3H), 2.92 (d, 21©, 3,96 (s. 3H), 3.99 (d, 2H), 5.94 (s, 2H), 7.08 (s, IH). 7.63 
(s,lH3,,S^17Cs,lH) 

A saturatsd solution of ammonia in methanol (I45n0* was added to a'sohitiDn of 6- 
i£iettoxy-7-(l-methylpiperidan-4-y ' 
20 one (1.36g,3.3nimol) in methanol (5n^>. aA^ • • 

fhs suspension WBs dUutjed with medij'fen^ fhe soludon v^/as filtssred. The 

. . . jHtrate was evaporatsd iiader v^cii^^ 

. y .. , ..^ . ffltratiqn, washed with ether and cJried under vacuum to give 6-msfchoxy-7-(l-m&thj»lpiperidin- 

4-yliriethpxy) -3 ,4-dihydroquiaazolin- 4-0XU& (9 1 Om^^ 
25 MS - BSI: 304 [MHT 
. 'H NMR Spectrum: (DMSOd^) 1,3-L45 (ra, 2H), L75 (d, 2H), 1.7-1,85 (in, IH), 1.9 (t, 2H), 
2.2(fi,3H),2.8Cd,2H),3-9Cs,3H),4.0(d,2H).7.l3(s, IH), 7,45 (b, IH), 7.99 (S,1H) 

The following tests were used to demonstrate the activity of ZD6474 in conibination 
with ionising radiation- 
30 Caln-6 Xenograft Itfoder 

Calu-6 (hmg cardnDrna) eels were obtained £rom the Amertcan Type Culture 
Collection (Manassas, VA). All cell culture reagents, wh^re not specified, were obtained from . 
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Lift Technologies, Paisley, tJK Cells were Tmrintninefl as eatponailially growing nnnoiayas 
in Eagle?s Minimal Bssential Medtum (EMEM) coijtaiiiiag 10% PCS CLabtech TTirBmnfinmii^ 
Rj^gmer, UK), 2nM iT-gtotaame (Sigma Cheoiicdl Co.. Pbole, UK), 1% sodium pytuvate 
(lOOtaM) and 1% non-essential amino acids. Cdls were ptawdicalfy Bcrecned ftw ito iweaa^ 
5 of microplasina in culture, and analysed for 15 types of virus in a inoTi» aatibotty production 
test (AstraZ^eoa Qmtral Toxicology Laboratories, Alderley Pa^ Uig prior to routine use in 

VIVO. 

CaIa-6 oells (2 x lO'' ceDsytail) were prepared for irtplanlation in a mixtuie of 50% (yfv) 
fliattigd (Red Baker, livapool, UK) in. serum free Roswell Pack Mraraiial Institute (RPMI)- 

10 1640 media. TttmOTir xenografla were established l^y siOxnitaneouBly iiyecta^ 

8uq>efl8iOD (is. 2 x 10* cens/tooufie) into female Alderley Park node mice (miMu genotype; 8- 
10 weeks of age). Once a palpable tmnow was evident, tinncmr volums was assessed daily by 
calliper measnreais^nt mid calculated using the formnla, leagtli x width x height. 

Mice were randomised into groups of eight, prior Co treatment, when tumours 

15 measured 225-315 mra^ Ionising radiation, wlisre given, was administered at a dose rate of 
2Gy per min to tinanaesthetlsed todce restrained in polyvinyl j^gs with lead shielding and a cut 
away section to allow local irradiation of the tumour by the unilateral beam (Pantac X-ray set). 
Jigs were turned through 180" halfway;- through the radiatbn exposure time to provids a 
• •. umform dosing; Radiation was administeir^d either^ aa a. singls dose (5Qy on day 1) or by ' 

2Q. itroitipJe daify dosing (2Gy/day on days .4^3). Thirty miautM.-aftea- tlie last dose of rddisiion, 
.ZD6474 (-25 mg/kg), or vshjctei was administered by ord gavage (0. Iml/lOg body weight) and • 
then once-daily thereafter for a feartihef -IS-.dsys. (i.e.. 14 day^ of oral treatment in total); - • 
ZD6474 . was prepared as a suspension., in 1% poij/sorbat?. 80 .(ie. a Wo. (v/v) solution of •. 
polyoxyetbylene (20) sorbican HKmo-oteate in deiooised water). Mice were hmnansly killed ^" 

.25 whffli the relative votame of their tumour reached four times that at the initiation of therapy 
(RTV4). A two-tailed two-san5>le f-test was used to evaluate the significance of the results 
obtained 
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Table 1 ■ BTV, in Davs 



Radiation 


Drug Treatment 


RTV4 


SE 


Treatment 


(fin* 14 days post-irradiation) 


(days) 






- 






None 


ZD6474Yel]iole 


8.8 


0.7 


- 5Gy 


ZD6474Vd]icb 


20.0 


l.S 


3x2Qy . 


ZD6474Vebic]e 


23.1 


1.3 


None 


ZD6474(25ingfl£g/day) 


12.1 


0.4 


5Gy 


ZD6474 (25 mgflcg/day) 


25.5 


0.5 


3x2Qy 


ZD6474 (25 iQg/kg/day) 


2S.1 


0.7 



Ths data are dK>wn graphically iti Figure 1 and F 

Ti» data indicate that in each case (SGy or 3 x 2Qy exp^ixtimts) fh^ conahination of 
5 radiatioxL plus ZD6474|s:oidd6d a better tl]^ 



RTV4 Comparisan 


P value* 




(5Gy + ZD6474) Vb. (5C3y + veMcfc) 


0.006 


<5Gy + ZD6474) Vs. (2356474) 


P<0.001 




(3 X 2Gy + ZD6474) Vs. (3 x 2Gy + vehicle) , 


0.007 


(3 x2Gy + 2306474) Vb. (ZD6474) 


P<0.001 



P value by two-saixf^le t-test (assnimmg unequal variance) 



In an anabgous expecimem uding £be Cala-6 xenograft wpAsl described heaDdbbefore 
10 djffbieat schedules were investigated. 

Mic^ healing Calu-i5 tmnourB (220-300 tm^ were randonolssed jnto groups of edght, to 
receive eitbi^ ZD6474 (50 nog/kg p.o. onii^B daily) or vehicle only (1% polysorbate in deionized 
water) for the duration cf the experinsnt. ZD6474, or vehicle, was also administexed with or 
without radiotherspy (3 x 2 Qy at 24-hoar intervals during the first 3 days of treatment). 
1 5 Where xdw received 50 nog/kg ZD6474 plus radiatioiL therapy, two treatment schedules w^ 
examined:. ~ ' "r T . 



^ ■ . ''■'■4 



. £. flrn. /uuj o:0£ 
100808-2 



NU. 3441- r. II 



-C^"' • ••>'■.• "• .^••^••">V'f^• «•■••.•" 



• - a) .CojKaitreot comhinarinii traahiiHnH 7TVt^'74 ^u,^ n Vpripf to tlio firat doic 
of radintion; and 

T gequmtlal cffmWnaHoii tT«?fite aasfc ZDg474 dosing given 30 minutes the last dosfe 

of radbtherapy. ' . - 

5 An additional g3»iq» of inioebeartngCfiita^xra^ 

X 2 Gy of r^ther^ at 24-liovir iDtervBlB. 

Tfeatment efficacy was asBessed by measurine ^ ^ for tumours to quadropte in 
voIwhb (RTV<» ftom Qs^ pretreatment .aiae and eakohting fba ralaidve growth deaay (ie. 
comparing RTV4 "walnes fiom indtrtdttal meted gtxxaps, with fljat of the oontxoD. 
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Tabte 2 - RTV. aini Trnn om- ETOwfli ddav in davs 



"Batment (tF=8 p«: group) 


RTVi 


Growth, delay 




. (days ± SB) 


(days ± SB) 


Vehicle 


... "810.5 


NA 


S0mg/kgZD6474 


17 ± 1.0 


9 ±1.1 


3 K 2 Gy plus vehicle 


25 ±1.7 


17 ± 1.8 


3 X 2 Gy phis 50 mg/kg ZD$474 (6eqqeatiaX> 


44 ±0.9 


36 ±1.0 


3 X 2 Gy plus 50 mg/kg ZD6474 (concqrr^t) 


.■i 30±i;o 


22 ±1.1 


5 X 2 Gy phis vehicle 


4*5 + 4.0* 


3S ± 4.0 



* based upon tt = 7; one tumour/group did not achieve RTV4 witibin 100 days post-tteatoent 

i . ^ . ' • • 

• that 50 mg/kg dose, of ZD6474 combioed with 3 x 2 Gy radiaeon 
rs- ire-atinana: gave a growthdelay that wafi-aigBdfkantly ^rs^^^^^ that of elfher single "libatment 
alone. 

Sequential cofflfcination treatmesit with jradiation and 50 mg/kg ZD6474 inhibited 
tuaaaour growth aignifloantfy more than when the same agents were combined concuxienily 
(growth delays of 36 ± 1.0 days and 22 ± 1. 1 days respectively). 
20 The aatitumour effect produced b|y.sequBntial.oonihmata>n tcealment with 3 x 2 Gy 

radiation and 50 m^rkg ZD6474 was greater than the sum of the gro wOx delays induced by the 
individual liwapies. and comparable to treatment with 5 x 2 Gy of radiation atone. 
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CLAIMS ■ ' • 

1, A xxstihod for the production of an antiGaisiogfialc afid/6r vddcnilar pmneabQity 
ledadug effisct in a watm-blood^ aidmal which cxnqsrisssadnu^ 

S saidaDinialane%ctiveaziioiiQtof4-(4-b]^^ 
mB(!EyIpiperidm-4"y^ also known as Z3D6474: 



Y"a HN 



10 ZD6474 

or a pharrnaceuticaMy acceptable salt thereof, before, after or siradtaneouBly with aa efifective 
amoimt of ioiusmg rac^tdon. ... . ^ . 



s • • . 

2. A instiiud loi th^ teatuiiiat of a c&isoec ux a warm-bloodsd animsi sacli a5 a ImiaaiL; 

.- . ... -A.A,:- W4. '.T? • 

• • • . ^ .... •! . 

1 5; wlsdoh coiiqniBes administering to said animal an ejBfective ainbuiit of ZD6474 or a 

phaimaceutically acceptable salt thefeof, before^ after or smajjfcfiineb Tvith an effective - »- "* - » 
^ aixiioiint of ionifiing radiation, 

3. A method for th^ treatm^ of a cancar iavolviog a solid tmoonr in a warm-blooded 

- 20- asixQsH such as a hmnan, which compriaes administering to said ^cumal an effective axooimt of 
ZD6474 or a phanuaceutically acceptable salt thereof; before, ^El^ or simultaneously with an 
efiSecdve amoimt of ionising radiation. 

4. Uae of 2X}6474 or a phanmceutically acceptable salt thereof in the tnanufacture of a 
25 noedicament for use in the prodvotion of an antiangiogemc and/or vascular permeability' 

reducirig effect in a warm-blaoded animal such as a hmnaa which is being treated with ionising 
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5. U8eofZD$474cff aphanimc»udcalty accqrtablBsaltiiiB^ 

iDBdiBamKit for use k a» production of an ami-cancer effistst b a wan&TilDoded Bmmal such 

Hs a hnman wMeh Ui being treated with fanismg r mKM^n n 

5 6. Use of ZD6474 or a phannaceutieanv aeeeptabte salt thereof in &». mati«fa^> »tw» 
ajfi^fcamentforviseinfliBpioducttonofanaDti-t^ . 
as a htzman which is bang tieated with ionifiing yartiation , 
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Flgnre 3. Sequential versos conciaT^t ZD6474 txea&cneiii sch^uling infhieiipes tbe 
]:elattve enlianjceiiieiit in radjotherapeulic refuse seen. Mean vahies for tazxnyr size 
(± SB) in each treatment group.gte given- Concurrent s<aieduld: continuons ZD6474. 
(50 ragflcg/day; day 1 onwards) with the first dose adiDinistMed 2 hoiirB prior to the 
faist dose of radiotherapy (2 Gy/day, days 1-3). Sequential schedub: conttoions 
3364.74 (50 mg/kg/dsy; day 3 onwards) with the first dose adramifitfired 0.5 hour 
aftef the last dose of radiotherapy (2 Gy/day» days 1-3). 
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Vehicle 

3)(2Gy ><- vehicle 



-^fiOmg/kg ZD6474 

<~^3x2Gy + 50mg/k9 ZD6474 (sequential} 



•3x2Gy + 50mg/kg ZD6474 (concurnsnt) 
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